Introduction
Many compounds containing the 2-aminothiazole components have been found to show a wide range of biological activities. Also, this aminothiazole groups have found high fungicidal activity in agricultural application (1) . High efficacy against Oomycete fungi such as Plasmopara viticola and Phytophthora infestans is very considerable because the Oomycete family has been found to be highly resistant to the phenyl amide fungicide (e.g., metalaxyl). Recently, the 2-aminothiazole group introduced novel aminothiazolecarboxamide derived fungicide, ethaboxam (2) (3) . Its efficacy has been evaluated, showing a high fungicidal activity against Plasmopara viticola and Phytophthora infestans (4) .
Currently, most sample pretreatment relating chromatography apply labor and time consuming procedure such as a liquid-liquid extraction (LLE) or offline solid-phase extraction (SPE) (or both). First, a conventional off-line SPE method and applied sample clean-up for analytical method development of residual analysis in soil and crops was selected. However, this offline SPE method showed interference in high-performance liquid chromatography (HPLC) with UV detection. Previously published were LC methods for the determination of herbicide residues in soil using online SPE with column switching (5). Compared with offline SPE, the online SPE method is able to perform sequential and automated analysis including sample extraction, clean-up, and separation. Its merits are free of time and labor consumption in routine analysis. These analytical techniques have already been put into widespread use and are applicable in drug analysis in biological fluids (6) (7) (8) (9) (10) .
In this study, the development of an HPLC method for the residual analysis of novel aminothiazolecarboxamide fungicide in soil and crops using automated online column switching techniques is described. column switching valve (Rheodyne Lab pro) and Waters 484 tunable wavelength detector (Waters, Milford, MA). Data process was performed on a model 746 integrator (Waters). Sample clean-up was accomplished with a Microsorb CN (4.6-× 100-mm i.d., 5 µm) (Varian, Palo Alto, CA). The columns used for the analysis and the trapping analyte were a Capcellpak C 18 (4.6-× 250-mm i.d., 5 µm) (Shiseido, Tokyo, Japan) and a Spheri-5 polyfunctional C 18 (4.6-× 30-mm i.d., 5 µm) (Applied Biosystems, Foster City, CA), respectively.
The mobile phase of the sample clean-up process consisted of a mixture of solvents A [0.1 % TFA in acetonitrile (ACN)] and B (0.1% TFA in water) as follows: 20% of A for 0-10 min, 80% of A for 10-20 min, and 10% of A for 20-37 min. Sample analysis was performed as follows: 25% of A for 0-22 min, 75% of A for 22-35 min, 25% of A for 35-37 min. The system set-up of the online column switching HPLC is given in Figure 2 and the timetable of the analysis in Table I . A 50-µL of sample solution was injected on online column switching HPLC. The sample was loaded on the clean-up column, in which sample clean-up took place. Then, after valve switching at 6 min, the clean-up column was connected to the trap column into which the sample was transferred. The clean-up column was disconnected at 10 min by valve switching while the sample was back-flushed from the trap column to the analytical column and then progressed to the washing and re-equilibrating step. All mobile phase used was filtered and degassed through a 0.45-µm membrane filter. Sample clean-up and analysis processes were performed at 1.0 and 1.2 mL/min of flow rate, respectively. The temperatures of cleanup, trap, and analytical column used were controlled at a constant 3°C. The analyte was monitored by UV detection at a wavelength of 240 nm.
Sample preparation
A primary stock standard was prepared at the concentration of 1.0 mg/mL by accurately weighing 100.0 mg of ethaboxam into a 100-mL volumetric flask and filled to volume with water. Aliquots of the primary stock standard solution were transferred to screw-capped glass vials. Further dilutions were performed at the concentration of 10, 5, 2, 1, 0.2, and 0.1 µg/mL. An amount of 40 g of soil (25 g of crops) was weighed into 200-mL bottles equipped with Teflon-lined caps. Recovery samples were prepared by spiking the appropriate standard solution into the soil or crop to obtain the concentration of 0.25 and 1.00 µg/g for soil and 1.00 and 4.00 µg/g for crops, respectively. Each sample was suspended in 100 mL of ethyl acetate-acetone (3:2) solvent and shaken for 2 h. The extracted samples were filtered. The filtrate was completely dried under nitrogen at room temperature, then 1 (soil) or 5 mL (crops) of 40% aqueous acetonitrile solution was added to each residue. The resulting solutions were filtered with 0.45-µm membrane syringe filter and transferred to insert of autosampler vials. An amount of 50 µL was analyzed by online column switching HPLC.
Results and Discussion
In order to develop the sample clean-up method (the first step) retention time of ethaboxam was determined on the clean-up column. The sample solution of standard and blank (soil and crops) were then examined on the online column switching HPLC (Figure 3) . The optimal condi- tion of mobile phase in the sample clean-up process was found to be 20% ACN containing 0.1% TFA. The analyte was eluted from 6 to 10 min on the clean-up column. A switching interval of 4.0 min was selected for elution of analyte from the clean-up column to trap column. The analyte for this switching time was quantitatively transferred to the trap column. As a final step, 10 min after sample injection the switching valve was returned to its initial position. The analyte was eluted to the analytical column from the trap column in the back-flush mode. Because of the strong eluting strength of the mobile phase consisting of 25% aqueous ACN containing 0.1% TFA, the analyte was desorbed from the trap column. Column washing and re-equilibrating steps were performed on the clean-up column and new sample application was carried out 10 min later. Ethaboxam was eluted at 22.1 min without interference; good peak shape was achieved as shown in Figure 3 . For the test of specificity, different sources of blank soil and crops were checked for the presence of interfering peaks in their chromatogram. In addition, the chromatographic system was checked for injection carry-over. There were no interfering peaks present in chromatograms corresponding to the retention time of ethaboxam as shown in Figure 3 . If there is an interference of excess 50% of the limit of quantitation (LOQ) in one or more blank samples, it is unlikely that the method will be sufficiently specific to be applied to residual analysis. Therefore, the method would need to undergo further method development to obtain the required specificity or the LOQ would be recalcu- lated. Six calibration standards were employed over the range 0.1 to 10 µg/mL and determined for five separate days. All correlation coefficients (r 2 ) were better than or equal to 0.9995. The precision and accuracy showed no significant deviation and were measured with acceptable value, as shown in Table II . Intrabatch (withina-day assay, n = 3) precision (standard deviation) and accuracy (%) were 0.8-5.0 and 95.3-98.4% for soil and 0.8-2.4 and 92.9-95.9% for crops. The limit of detection (LOD) of ethaboxam in soil and crops was 2.5 ppb (40 g of soil) and 20 ppb (25 g of crops). The results of residual analysis of ethaboxam in soil are shown in Table III and IV. The half-life was 15-17 days for laboratory soil and 9 days (the number of times for fungicide treatment, 1) and 11-12 days (the number of times for fungicide treatment, 2) for field soil. Table V shows results of ethaboxam residues in crops. The number of treatment and treatment days were varied before harvest. In the case of seventh treatment, ethaboxam residues were 2.615 and 4.146 ppm, respectively, in grape and red pepper. 
Conclusion
Ethaboxam in soil and crops was successfully separated by automated online column switching HPLC without interference. The quantitative analysis of ethaboxam residues could be accomplished within 35 min including sample clean-up and analysis. The results of recovery, precision, and sensitivity were acceptable in residual analysis.
